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	8/LCCE/47

To Administrations of Member States of the ITU and �Radiocommunication Sector Members participating in the �work of Radiocommunication Study Group 8

�Subject:	Submission of Candidate Radio Transmission Technologies (RTTs) for IMT�2000 Radio Interface

ITU-R Task Group 8/1 (TG 8/1) is currently defining the radio aspects of International Mobile Telecommunications-2000 (IMT-2000).

Circular Letter 8/LCCE/47 dated 4 April 1997 (and its Corrigendum 1 of 25 April 1997) invited the submission of candidate RTTs, or candidate sets of RTTs (SRTTs), for IMT-2000 within a specified time frame.

The various independent evaluation groups set up by the ITU-R membership, regional or national standards organisations, or any other interested party, industry group, candidate RTT proponent or organisation are encouraged to register with the ITU as soon as possible.

To start the process of information exchange a workshop on IMT-2000 Radio Transmission Technologies took place on 10-11 September 1997 associated with the 13th meeting of TG 8/1 in Toronto, Canada. Information on the workshop can be obtained on the ITU WWW: 

http://www.itu.int/imt/2-radio-dev/workshop/8lcce46.html.

To facilitate the exchange of information between the various evaluation groups, the ITU has set up special pages in its WWW site (http://www.itu.int/imt/2-radio-dev/radio-dev.html) which contain all the relevant information. Submission to the ITU of technical information on the candidate SRTTs by proponents as well as evaluation reports which are made electronically will be immediately posted on the ITU WWW server. Preferable format of the submissions is Word for Windows 7 or PDF.

Recommendation ITU-R M.1225 contains the guidelines for describing and evaluating candidate SRTTs. TG 8/1 has established a Working Group (WG 4: Coordination group for evaluation activities) tasked to provide technical assistance to national/regional RTT evaluation groups and to respond to questions raised in relation to Recommendation ITU�R M.1225. Questions to WG 4 can be sent to the following Internet address: tg8-1ceval@itu.int. Errata of evaluation guidelines �(Recommendation ITU�R M.1225) and IMT-2000 requirements and objectives template for evaluation were prepared by WG 4 during the 13th meeting of TG 8/1 and are contained in Annexes 1 and 2 to this letter.

To assist consensus building and to ensure that the work is carried out on schedule, the submission of candidate SRTT proposals to the ITU or evaluation groups should be made as soon as possible. The ITU cut off date for these submissions is on 30 June 1998. The completed evaluation reports should be sent to ITU-R TG 8/1 as soon as possible and no later than 30 September 1998.

The next regular meeting of TG 8/1 is scheduled to take place from 27 April to 8 May 1998. In addition, a special meeting of TG 8/1 will be held from 19 to 23 January 1998 in Seattle, USA with a focused agenda which includes the provision of technical assistance to evaluation groups and any clarification in relation to Recommendation ITU�R M.1225, if necessary (see BR circular-letter 8/LCCE/50 of 18 November 1997).

	Robert W. Jones�	Director, Radiocommunication Bureau
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Distribution:

-	Administrations of Member States and  Radiocommunication Sector Members participating in the work of Radiocommunication Study Group 8

-	Chairman and Vice-Chairmen of Radiocommunication Study Group 8

-	Secretary General of  the ITU, Director of the Telecommunication Standardization Bureau, Director of the Telecommunication Development Bureau

�ANNEX 1

Revised APPENDIX  2�TO ANNEX  2

(of Recommendation ITU-R M.1225)

Computation of Doppler shift for satellites

In this Appendix, the Doppler shift caused by the motion of (non-geostationary) satellites in circular orbits is derived.

The time-dependent position of the satellite can be expressed in sidereal Cartesian coordinates x, y, and z, originating at the Earth’s centre. The x-axis is directed to the ascending node and the z-axis is northbound. We adopt the following designations:

	TS :	orbit period of the satellite

	wS :	angular rotation of the satellite�=  2(/TS

	wE :	angular rotation of the Earth�=  2( / 23 h 56 min = 7.29 ( 10–5/s

	RE :	Earth radius�=  6 378 km

	h :	orbit height (km)�=  331.25 (TS / 60)2/3 – RE

	a :	orbit radius�=  RE + h

	i :		orbit inclination

	u0 :	satellite orbit angle at t = 0.

	fc :	carrier frequency�= 2 200 MHz

With the orbit angle (S (t) = u0 + wS (t), the satellite coordinates are given by:

		xS (t) = a  cos (S (t)

		yS (t) = a  cos i  sin qS (t)	(1)

		zS (t) = a  sin i  sin qS (t)

The coordinates of the user are determined by his/her latitude B and longitude L. Assuming that at time t = 0 longitude 0° coincides with the ascending node, the time-varying longitude angle of the user is qE (t) = L + wE (t), and the user coordinates are:

		xE (t)  =  RE  cos B  cos (E (t)

		yE (t)  =  RE  cos B  sin (E (t)	(2)

		zE (t)  =  RE  sin B

�The slant range as a function of time is:

		� EMBED Equation.2  ���	(3)

with j designating the angle between � EMBED Equation.2  ��� and � EMBED Equation.2  ���, and

	� EMBED Equation.2  ���	(4)

The time-varying Doppler shift is determined by:

		� EMBED Equation.2  ���

			� EMBED Equation.2  ���	(5)

			� EMBED Equation.2  ���

The time-varying elevation angle is given by:

		� EMBED Equation.2  ���	(6)

In the following, we consider a situation where the satellite directly passes over the user position (the passing occurs at t = 0). This should be a rather good approximation for the worst-case with regard to Doppler shift. The user latitude can be chosen within –Bmax ( B ( Bmax, with:

		� EMBED Equation.2  ���	(7)

In order to have the overpass occurring at t = 0, the initial phases u0,1 for the ascending overpass and u0,2 for the descending overpass are:

		� EMBED Equation.2  ���� EMBED Equation.2  ���

			(8)

		� EMBED Equation.2  ���

and the respective user longitudes are:

		� EMBED Equation.2  ���

		� EMBED Equation.2  ���	(9)

The slant range, Doppler shift, and elevation can now be evaluated from (3), (5) and (6). At the moment of the overpass we have j = 0, s = h, fD, Sat = 0 and ( = 90°.

To a good approximation, the maximum Doppler shift occurs when the satellite appears at minimum elevation angle (min. The calculation will be done for �symbol 101 \f "Symbol" \s 12�e� (t) = 10°.

The Doppler shift is almost independent of the user latitude B. The calculation will be done for B = 0°. 



�Three examples are given below:



(	For MEO (10354 km), i = 45�symbol 176 \f "Symbol" \s 12�°�, B = 0�symbol 176 \f "Symbol" \s 12�°�, Minimum Elevation angle = 10�symbol 176 \f "Symbol" \s 12�°�, fc = 2 200 MHz, �	t = 3928 s gives n sat = - 11.535 kHz and max (dfD, Sat (t)/dt) = -0.3 Hz/s.��(	For LEO (1 414 km), i = 52�symbol 176 \f "Symbol" \s 12�°�, B = 0�symbol 176 \f "Symbol" \s 12�°�, Minimum Elevation angle = 10�symbol 176 \f "Symbol" \s 12�°�, fc = 2 200 MHz, �	t = 492 s gives n sat = - 42.960 kHz and max (dfD, Sat (t)/dt) = - 10 Hz/s.��(	For LEO (800 km), i = 90�symbol 176 \f "Symbol" \s 12�°�, B = 0�symbol 176 \f "Symbol" \s 12�°�, Minimum Elevation angle = 10�symbol 176 \f "Symbol" \s 12�°�, fc = 2 200 MHz,�	t = 308 s gives n sat = - 49.441 kHz and max (dfD, Sat (t)/dt) = - 14 Hz/s.



In these examples:



t is the time corresponding to the value �symbol 101 \f "Symbol" \s 12�e� (t) = 10°,



and max (dfD, Sat (t)/dt) is the variation during one second at the minimum elevation angle around the value of the maximum Doppler shift. 

�ANNEX 2

REVISED ATTACHMENT 4

(to Circular-letter 8/LCCE/47 of 4 April 1997)

Summary of IMT�2000 Requirements and Objectives and Compliance Template



(Unchanged and not reproduced)



__________________

* 	English only.
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